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INTRODUCTION
Micro-organisms are potential biocatalysts in the biotransformation process of natural products and are sources of several novel bioactive substances (Pimentel et al., 2011). Similar to plants, there is a long history of the utilisation of fungi by mankind as remedies and in everyday life. Nearly 3000 years ago the Mayans used fungi to treat intestinal ailments (Strobel et al., 2004) . Without deeper knowledge about the mode of action, the transformation by fungi, they have been used for food production since Neolithic times. It has been well known that apart from a variety of plants and animals, microorganisms also produce pigments (Lauro, 1991; Masahiro et al., 1994; Kim et al., 1995; 1998a, b) . The pigments produced by many fungi have been used as a natural food colourant for fish, bean curd and wine. The natural pigments produced by Monascus spp. have been looked upon with favour as safe natural colour and a replacement for synthetic pigments.In 1974, the American Miriam C. Rice published the first book concerning dyeing with fungi and since then, the custom has spread all over the world (Aittomaki et al., 2000) . An orange pigment from the fungi Ganoderma applanatum, Coriolus versicolor and Amanita muscaria was extracted from the basidiocarp and applied on silk and cotton fabrics (Perumal et al., 2004) . In this context, it is of great relevance that microbes are producers of large number of bioactive compounds (Zhang et al., 2006) that have evidence of diverse application in agriculture, medicine and other industries (Strobel, 2002) . Therefore the understanding and detailed study on the production of these fungal pigments should thus be encouraged to provide ample solutions to the increasing global concerns of a better and safe environment. Alternaria spp. are widely distributed in soil and on aerial plant surfaces (Ozcelik and Ozcelik, 1990 ). In addition to causing damage to vegetables, fruits and grains, Alternaria sp. produces several secondary metabolites. Metabolites of Alternaria alternata (Fries) Keissler (A. tenuis Auct.) were first isolated and characterized from 4 to 5 week cultures grown on Czapek-Dox liquid medium (Raistrick et al., 1953) . The growth and production of secondary metabolites from micro organisms is predominantly dependent on the composition of growth medium and culture condition (Bills, 1995) . This makes the study of various types of growth medium and condition imperative to investigate and generate a broad range of secondary metabolite production in microbes (Larsen et al., 2005) . Alternaria sp. grows over a wide range of pH, temperature and simple sugars. However the combined influence of these factors on biomass and pigment production has not been widely studied. In this study, we utilized cost effective maize grain extract (MGE) as culture medium to estimate the mycelial growth and production of pigment from A.alternata under the influence of pH 4-9. Also we documented the secondary metabolite constituents in the reddish brown pigment of A.alternata through mass spectrometry (LCMS).
MATERIAL AND METHODS

General
For MS analysis, SHIMADZU LCMS 2010 consisting of gradient Ultra-Fast Liquid Chromatography (UFLC 20AD) pumps, SIL-HTc auto sampler, photo diode array detector SPD-M20A, coupled to a 2010EV mass spectrometer with ESI probe was used. LC Column dimensions: ODS C18 column (Phenomenex, 50 mm x 5µm x 2.1 mm ID). Column chromatography was carried out in a glass column (32 cm × 1.5 cm) packed with silica gel (240-400 mesh). All UV-Visible spectra data of collected fractions were recorded using Varian Cary 50 spectrophotometer at scan mode of 200 -800 nm.
Alternaria culture conditions
A. alternata, MTCC 2724 strain was obtained from Microbial Type Culture collection and Gene Bank (MTCC), IMTECH, Chandigarh, India. The culture was revived on sterile Potato Dextrose Agar (HIMEDIA, India) medium, incubated at 28 o C and the 21st day mycelial culture served as inoculum for biomass and pigment production studies. Erlenmeyer flasks containing 50 mL maize grain broth (40g maize flour dissolved per litre deionized water) was taken individually as substrate and the pH value was adjusted to 4, 5, 6, 7, 8 and 9 using 1M HCl or 1M NaOH. The flasks containing medium were autoclaved at 121 o C for 15 min. The flasks were inoculated with 6 mm mycelial culture discs of the 21 day old A. alternata and incubated at 28 o C ± 2 o C as stationary cultures. At every three days interval the flasks containing A. alternata were withdrawn and the mycelial mat was collected by filtration using filter paper. The harvested mycelial mat was air dried at 40 o C for 24hrs. The obtained dry mycelia were extracted and estimated for pigment content following the method as described by Gadd (1982) . Standard Melanin pigment obtained from Sigma Aldrich served as standard for quantification of pigment. All experiments were maintained in triplicates and the data was analyzed statistically.
Alternaria species are common saprophytes found in a variety of habitats as ubiquitous agents of decay. Alternaria spp. produces about sixty different secondary metabolites. In the present investigation, growth and production of pigment from Alternaria alternata was studied in maize grain extract at pH 4-9. The reddish brown pigment was extracted, estimated and partially purified by fractionation. 
Pigment estimation and purification
Dry mycelium (2g) was pre weighed, soaked in 10mL of Methanol and well ground using a mortar and pestle. The mixture was allowed to stand overnight and then taken for extraction in soxhlet apparatus with 110 mL methanol. The extraction was continued for 10 hrs with 20 intermittent cycles lasting 30 min each to obtain a deep reddish brown pigment (Chandrasekarenthiran, 2010 and Sumathi, 2008) . The whole vacuum dried crude pigment extract was introduced in column chromatography setup with solvent system of n-hexane (100%), Chloroform: Methanol (C: M) at 9:1, 8:2, 7:3, 5:5, 4:6, 3:7, 2:8, 1:9 followed by Methanol (100%) and Water (100%). The flow rate was maintained at 1mL/min, and 2mL of each fraction was collected in separate vials. The eluted fractions were determined at their respective absorbance maxima (λ max) in UV-Visible Spectrophotometer. Three coloured fractions namely 4, 13 and 16 were then submitted for LC-MS analysis.
LC-MS Analysis
The mobile phase A consisted of 0.1% Formic acid (v/v) in water (H2O), and the mobile phase B consisted of Methanol (MeOH) and 0.1% Formic acid (v/v). The following linear gradient used was; Solvent B -0.01 min-10%; Solvent B -15 min -100%; Solvent B -25 min-100%. The samples were dissolved with 100% MeOH and 5 µl sample was injected into the UFLC system and data were acquired and processed in Shimadzu LabSolution V3. The processed mass spectra were matched with compounds reported in previous literatures and searched through Pubchem compound database and NIST similarity search.
NMR Mixture analysis of eluted fractions
Mixture analysis of the eluted fractions was carried out using proton NMR (500 MHz Bruker Avance III NMR) to confirm the presence of mass spectrometric based identified compounds viz., Altenuene, Alternarienoic acid, AlternariolMonoethyl Ether, Alternariol, Alterperylenol, Stemphyperylenol, Tenuazoic Acid. The eluted fractions 4, 13 and 16 were redissolved in deuterated chloroform and analysed for ppm shifts. The recorded ppm shifts were matched with existing literature of fungal pigments and the components were identified using TopSpin software.
RESULTS AND DISCUSSION
We observed the maximum mycelial growth (7.59 ± 0.02 g/L) at pH 5 on 9th day of culture grown in Maize grain broth without supplementation of any other additional carbon or nitrogen sources. However, maximum pigment production of 14.3 ± 0.86 mg/g dry mycelium was recorded in MGE at pH 6 on 9th day. Acidic pH supported better growth while at pH 7 and with increase in alkalinity there was a decline in the fresh and dry mycelial growth.Low pH (4-4.5) is reported ideal for the growth of A. alternata, while the minimum growth was observed in pH 9, irrespective of isolates (Ramjegathesh and Ebenezar, 2012).The pigment production also declined after 15 days of mycelial growth. No mycelial growth and pigment was recorded at pH 9.The dry mycelial growth and production of pigment from A. alternata grown on MGE at various pH is furnished in Table 1 . Natural raw materials and by-products of industry (sugar cane molasses, corn steep liquor, cheese whey) have wide use as culture media in fermentation processes because of their low cost since the medium components can represent from 38 to 73% of the total production cost. Several studies have also been reported about the influence of culture media on metabolite production of Alternaria (Misaghi et al., 1977) . The interacting effects of time, temperature, pH and simple sugars on biomass and mycotoxin production is reported in three Alternaria sp. where 25 o C at pH 8 is reported suitable for biomass production with enhanced toxin production at 15 o C (Ozcelik and Ozcelik, 1990). Alternaria citri and A. tenuis grew over a temperature range of 15 to 35 o C, and were able to grow at a pH range of 2.7 to 8.0, the optimum being at 5.4 (Hasija, 1970). Maximum pigment production at 28°C at a standard time period of three weeks was also studied (Sharma et al., 2012) . The maximum production of pigments was obtained when cultures were grown on potato dextrose agar (PDA) with 20% dextrose, an initial pH of 4.5 at 25-30°C under continuous darkness or diurnal light, and without wrapping the culture plates (Shabana et al., 2001) . The crude pigment extract (0.310 g) was purified using silica column chromatography. A total of 28 fractions were fractionated. The fraction no. 1& 2 eluted with n-hexane and fraction 3 eluted with Chloroform-Methanol at 9:1 were observed to be colourless at the retention time of 9.5 min. At the same solvent gradient, a red fraction (4th fraction) eluted using Chloroform and Methanol partition of 9:1 was observed to have maximum absorption at the wavelength of 205, 207, 364 and 371nm at the retention time of 13.5. At 23.50 minutes, a brown fraction (8th fraction) eluted using Chloroform and Methanol partition of 8:2 was observed to have maximum absorption at 203 and 208 nm. Similarly a violet fraction (Fraction 13 at retention time of 53.0 min) and a brown fraction (Fraction 16 at retention time of 74.00) were collected using partition of Chloroform and Methanol at 7:3 and 5:5 ratios having maximum absorption at 209, 217, 220 nm and 203nm respectively. The UV-Visible spectra of fragments eluted from each solvent have been summarized in Figure 1 . In the crude methanol extract a total of 25 components were observed out of which 5 compounds were identified through previous literatures. The rest of the 17 mass spectra were searched through similarity search in the NIST Library, of which three were identified. Alternarienonic acid, was isolated with m/z 279 at the retention time of 12.171 with characteristic UV absorbance maxima at 231 and 291 nm (supplementary figure S1 figure S4) . Other unknown masses were searched with NIST database, in which peak No 3 was identified as Glufosinate (C15H12NO4P) with m/z181, peak No 8 was identified as 8-Linoleolyl-benzoylhypaconine (C49H73NO10 with m/z 835 and peak No 21 was identified as 18-(6-Hydroxypurin-9-yl)-benzo-18-crown-6 (C21H26N4O7) with m/z ratio of 446. The red fraction eluted with C: M: 9:1, showed 20 peaks out of which 4 were identified. figure S7) . The violet fraction eluted with C: M: 7:3, 11 peaks were observed out of which 1 was identified. Altenuene (Peak No2) was identified at m/z [M+] 293.30 at RT 1.186 and absorbance maxima 250 nm. From NIST Library search, Apigenin-7-O -glocoside, tms-was identified at RT 6.7000 having m/z 864.At RT 8.8000, m/z 698, 2,11-Dibromo-9,18-bis-(2-chloro-phenyl) -5,7,14,16-tetrahydro-5,7,8,14,16,17-hexaaza-dibenzo[a,H] Mixture analysis of eluted fractions were carried out using proton NMR (500 MHz Bruker Avance III NMR) to confirm the presence of mass spectrometric based identified compounds viz., Altenuene, Alternarienoic acid, AlternariolMonoethyl Ether, Alternariol, Alterperylenol, Stemphyperylenol, Tenuazoic Acid. The proton ppm shifts of standard simulated spectra of each molecules were compared and matched with experimental spectra of each eluted fraction. The characteristic proton shifts of each experimental spectrum falling into particular shift range that represent specific structure also verified. First the experimental spectra of fraction 4, 13 and 16 were processed for binning and deconvulation using topspin software. Further the ppm shifts were adjusted in accordence with the internal standard (tetramethylsilane 0 ppm). Further the peaks were identified using peak identification algorithm in Topspin and peak lists were generated for each fractions. These peak shifts were matched with the simulated as well as experimental spectra (source: previous literature) of seven compounds which identified through LCMS. the following matches were recorded. 2(H-C-COOR ester), 2.36(H-C-COOH acid), 3.73(RCOO-C-H ester), 3.81(RCOO-C-H ester), 3.83(RCOO-C-H ester). Apart from that, the experimental spectra shows the presence of aromatic rings at the region of 5-6.8 ppm (Ar-H) which confirms the presence of aromatic esters and aromatic acids). The 13th fraction registered matching ppm values of 2.36 (Benzylic Ar-C-H), 1.62 (Tertiary R3-C-H). Likewise, 16th fraction registered matching shifts of 3.83 (RCOO-C-H ester), 3.81 (RCOO-C-H ester), 2.37 (Benzylic Ar-C-H), 1.62 (Tertiary R3-C-H). These results confirm the presence of the identified compounds which show peculiar structure as depicted above. (Atalla et al., 2011) . Olive colour pigments from A. alternata dyed on wool shows 4-5 on grey scale rating meaning less staining and excellent wash fastness. The dyes were also tested for toxicity to human skin and have been found to be safe (Sharma et al., 2012) . Microbial preparation of herbicide or bio-herbicide can control the growth of weeds. The first evidence that confirmed the herbicidal potential of tenuazonic acid against control of Lantana Camara produced by submerged fermentation of A. alternata (Sanodiya et al., 2010) .
CONCLUSION
The potent applications of metabolites from Alternaria as antitumor agents, herbicides and antimicrobials as well as other promising bioactivities have led to considerable interest within the pharmaceutical community. It is evident from this study that the culture conditions can be modified to obtain maximum pigment production in A. alternata. In the present investigation secondary metabolites like Alternarienonic acid, Tenuazoic acid, Stemphyperylenol and Alterperylenol have been observed in the methanol extract of crude pigment whereas compounds like Alternariol, Altenuene, Alternarienoic acid, Alternariol 5 methyl ether were predominantly identified in the fractionations from column chromatography of the crude pigment. The Alternaria sp. could be the rich sources of biologically active compounds that are indispensable for medicinal and agricultural applications as they produce over sixty different metabolites. However there is very limited information on the utilization of pigments from A .alternata. Also, the interrelationship of factors such as nutrition, pH, and temperature, light exposure in bio regulation and production of secondary metabolites in the micro fungus A.alternata is not much understood. Hence further comprehensive study factors influencing growth, bio-synthesis, isolation and characterization of more secondary metabolites from A. alternata is inevitable and imperative to obtain and elucidate a wide range of secondary metabolites for for promotion of diversified application of these fungal dyes in agriculture, medicine and other industries. 
